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he purpose of this study was to evaluate the radioprotective effect of carnosine (β- alanyl-1-histidine) on the wound
healing in rats. Therefore, 48 male rats were submitted to a surgical procedure to perform a rectangular wound in the anterior-
dorsal region. The animals were divided into 4 experimental groups randomly chosen: control; irradiated; carnosine irradiated
and carnosine group. The irradiated and carnosine irradiated group were exposed to a dose (6Gy) of gamma irradiation, in the
whole body, 72 hours after surgery. The carnosine and carnosine irradiated groups, in addition to the surgical procedure and
the irradiation, received two doses of carnosine aqueous solution, the first one being injected 48 hours after surgery, and the
second one 1 hour and 30 minutes before irradiation. The tissue repair of  the 4 groups was evaluated at 4, 7, 14, and 21 days
after inflicting the wound, by morphological, histochemical and histophysical methods. At all examined periods, it could be
observed that the animals from the carnosine irradiated group presented a better developed granulation tissue than the
irradiated group and closely similar to that of the control group. Thus, under the experimental conditions used, it was possible
to conclude that carnosine is an effective radioprotective substance.
Uniterms: Radiation, ionizing; Radiation-protective agents; Carnosine; Wound healing.
   objetivo deste estudo foi avaliar o efeito radioprotetor da carnosina (β-alanil-1-histidina) no processo de cicatrização em
ratos. Para isto, 48 ratos machos foram submetidos a um procedimento cirúrgico para realização de uma ferida retangular na
região dorsal anterior. Os animais foram divididos aleatoriamente em 4 grupos experimentais: controle, irradiado, carnosina
irradiado e carnosina. Os grupos carnosina e carnosina irradiado foram exposto a uma dose de corpo todo de 6 Gy de radiação
gama, 72 horas após a cirurgia para confecção da ferida. O grupo carnosina e carnosina irradiado, adicionalmente, ao procedimento
cirúrgico e a irradiação, receberam duas doses de solução aquosa de carnosina, a primeira sendo injetada 48 horas após a
cirurgia, e a segunda 1 hora e 30 minutos antes da irradiação. A reparação tecidual nos 4 grupos foi avaliada 4, 7, 14 e 21 dias
após a realização da ferida, por métodos morfológicos, histoquímicos e histofísicos. Em todos os períodos examinados, pode
ser observado que os animais do grupo carnosina irradiado apresentaram um melhor desenvolvimento do tecido de granulação
do que o grupo irradiado e muito similar ao do grupo controle. Logo, de acordo com as condições experimentais usadas, foi
possível concluir que a carnosina é uma substância radioprotetora efetiva.
Unitermos: Radiação ionizante; Protetores contra radiação; Carnosina; Cicatrização de feridas.
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INTRODUCTION
Wound healing is a complex process, which is commonly
divided into three phases, including invasion of
inflammatory cells, proliferation of tissue repairing cells and
tissue remodeling. Any alteration in some of these phases
will inevitably cause an abnormal tissue repair process22.
Any of these phases will be altered or retarded when
radiation is involved. The effects of ionizing radiation are
mediated by the formation of free radicals, which are highly
reactive, removing hydrogen atoms from fatty acids, causing
lipid peroxidation and consequently cell death9. These
modifications could be caused by vessel or fibroblast
alterations, including: hypoxia, inefficient collagen
production and reduction of proliferation capacity of local
tissues, which become less capable of reacting to the
inflammatory stimulation15,19, 28.
The fibroblasts, vascular endothelial cells, keratinocytes
and granulation tissue formation are fundamental to the
wound healing process17. Radiation causes an irregular
proliferation of endothelial cells, originating capillaries with
different forms and diameters, leading to a transitory increase
of permeability2. The reduction of granulation tissue
thickness, which becomes less cellular in open wounds,
thus delaying the formation and maturation of the collagen,
was observed when it was submitted to radio-therapeutic
doses16. The main histomorphological alterations caused in
wound healing by postoperative irradiation, were retarded
fibroblast growth, alterations in their development with
production of atypical cells, formation of fibrin which
persisted for a longer than normal time and reduction of the
number of vessels12, 24.
The role of antioxidants in reducing the deleterious
effects of ionizing radiations on the tissue repair process
has already been studied32. The radio-protective effect of
substances, such as vitamin E, on wound healing in irradiated
rats was also demonstrated on the tissue repair process
after 6 Gy of electron irradiation14. The action of carnosine
in stimulating the normal tissue repair process was reported
and its affinity for hydroxyl and capacity to reduce the
intermediate products of oxidative free radicals in wound
tissues and blood serum was also pointed out1,5,11,18,26,27.
This study aimed to evaluate the possible protective
effect of carnosine on the wound healing in rats’ whole
body exposed to gamma radiation, observing the
development of granulation tissue by morphologic,
histochemistry and histophysical methods.
MATERIAL AND METHODS
Animals. Forty-eight male rats (Rattus norvegicus,
albinus Wistar) aged between 60 - 90 days and weighing
approximately 300 grams were used. The animals were kept
in polycarbonate cages under an alternating 12h light/dark
cycle and maintained on laboratory chow and water ad
libitum.
Experimental design. The experimental procedures
consisted of six phases: anesthesia; surgical procedure;
irradiation; achievement of the specimen and slide
preparations.
The animals were divided into four experimental groups
as follows:
Control group (CG): these animals were only submitted
to the surgical procedure. Irradiated (IG): these animals were
submitted to a surgical procedure and to a whole-body
irradiation, 72 hours after the wound was made.
Carnosine Irradiated group (CaIG): these animals
received two i.p. doses of aqueous carnosine solution (L-
Carnosine Sigma-Aldrich) 150mg/Kg. The first one was
administered 48 hours after the wound and the second one,
1 hour and 30 minutes before the whole-body irradiation;
Carnosine group (CaG): the animals from this group were
submitted to the wounding surgery and received two doses
of aqueous carnosine solutions, administered in the same
way as in group CaIG. These animals were not irradiated.
Surgical procedure. Rats were i.p. anesthetized with
thiazine hydrochloride (10mg/kg) and ketamine
hydrochloride (100mg/Kg) and a wound of 2.0 x 1.0 cm in
size was made in the anterior dorsal region of each animal
and at a distance of approximately 1.0cm to the right of the
spine. The depth of each incision was approximately 0.2cm,
having as a reference the muscular tissue at the base of the
wound and the presence of the dermis at its edges.
Irradiation. Rats were i.p. anesthetized with thiazine
hydrochloride (10mg/kg), and ketamine hydrochloride
(100mg/Kg) and the whole-body irradiated, 72 hours after
the surgical procedure, with a single exposure of 6Gy
delivered by a Cobalt therapy tube (Alcyon II) with an
output of 84cGy/min. The distance to target was 80cm.
Irradiation was done on the 3rd day of tissue repair, because
this period is related to the cell proliferation phase of healing,
characterized by the fibroblasts and endothelial cells
migration.
The tissue repair process was evaluated at 4, 7, 14 and
21 days after the surgical procedure. Each part of tissue
contents, the wound or the scar surrounded by normal tissue
was removed, correctly fixed and paraffin-embedded.
Sections of 5mm thickness were obtained and stained with
hematoxylin-eosin, in order to evaluate the development of
the newly formed tissue. Mallory fibroglia method according
to Edwards8 and Picrosirius staining to evaluate collagen
birefringence under polarized light microscopy were also
performed.
Sections were also submitted to the toluidine blue pH 4
reaction, which allows the macromolecular organization of
granulation tissue to be evaluated, using the observations
through linear dicroism by means of polarization
microscopy3. This phenomenon is essential for detecting
the presence or absence of macromolecular orientation of
the tissue evolution. The observations under light and
polarized microscopy were done through a Zeiss-Pol 01
photomicroscope.
The objective of histophysical methods is the
quantitative analysis of collagen fiber birefringence. For this
purpose, Zeiss Axiolab microscopy connected to a micro
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camera (Sony CCD IRIS/RGB Collor- Japan) was used, and
the slides stained with picrosirius were analyzed. The fields
of the sections were measured in five regions each. The
evaluation was done on the 4th and 7th days and based on
these measurements, the relative means of each group were
obtained for submission to statistical analysis.
The morphometric study for counting the fibroblast
number was performed under light microscopy, ZEISS
Germany, to high-power view (x400) by means of an ocular
containing reticule lens PK 8 x mn, Zeiss, West Germany.
The fibroblast count was carried out in all the groups on the
4th and 7th day, 10 fields having been evaluated in each slide.
From the results of these measurements, the relative means
of each group were calculated by statistical analysis.
For statistical analysis, data were initially evaluated using
ANOVA. Significant differences were resolved with the
Tukey test, with significant p-value < 0.05.
RESULTS
Morphological Analysis
The morphological analysis of CG performed by HE
staining was able to demonstrate that on the 4th day the
wound was very large, completely covered by a necrotic
crust, containing remaining cellular portions, fibrin and
coagulated blood, whose function is to protect the subjacent
tissue. The inflammatory infiltrate was composed mainly of
neutrophils and lymphocytes. In the IG the wound area was
also large; the crust was thicker when compared to the control
group, with a larger amount of accumulated necrotic material.
The granulation tissue presented little organization, with
few fibroblasts and a smaller number of vessels and newly
formed collagen fibers. In the CaIG, the tissue analyzed was
similar to the control group, with a thin superficial necrotic
layer and immediately below it, an inflamed zone. The CaG
showed very similar aspects to the control group.
On the 7th day, the CG presented a reduction in the size
of the wound area, with no crust, which was replaced by a
thin superficial necrotic layer. The granulation tissue below
presented fibroblastic and angioblastic proliferation,
showing newly formed capillary vessels corresponding to
the surface. In the IG the wound area had also diminished,
however the necrotic crust was still present to the full extent.
Below the crust, an acute inflammatory infiltrate still
remained. The granulation tissue showed a delayed aspect,
showing no capillary vessel organization, and fibroblastic
proliferation was poor when compared to the control group
(Figure 1A). In the CaIG, the granulation tissue presented
evidence of better development than the IG, but slightly
less than the control group. The functional capillaries were
shown to be present in number and degree of evolution
similar to that of the CG. In the CaIG, the analyzed tissue was
similar to the control group, both in granulation tissue
evolution and in epithelial proliferation (Figure 1B).
Around the 14th day, the wound area in the CG was
already totally covered by epithelium, with a keratin layer
formation, which demonstrates epithelial tissue maturation.
The granulation tissue showed few fibroblastic cells and
blood capillaries, becoming fibrous. In the IG, the granulation
tissue was shown to be still delayed in relation to the control
group. The CaIG was observed to present a slower
development process when compared to the control, but
more developed than IG. The CaG showed similar aspects to
the control group, both in epithelial and granulation tissue
maturation and rate of development.
On the 21st day, CG presented a completely healed wound,
sufficiently covered by a functional epithelium, almost
reaching the normal tissue appearance, also with the
presence of cutaneous appendices. The IG presented the
tissue repair process still delayed in relation to all groups,
with minor retraction and fibrousness. In the CaIG, the tissue
development was similar to the CG. The CaG also presented
similar aspects to the control group.
Quantitative Analysis of Fibroblasts
The relative means for each group after being submitted
to statistical analysis may be seen in Figure 2.
Mallory Method for Fibroglia
Fibroglia is evident in granulation tissues with high rate
of proliferation before they become fibrous. Therefore, this
method was used only on the 4th day of tissue evolution. In
the CG, CaG and CaIG (Figure 1C) it could be seen that there
was a large fibroglia proliferation. Contrarily, IG has shown
almost total absence of fibroglia development (Figure 1D).
Qualitative Evaluation of Birefringence of
Collagen Fibers – Picrosirius Staining
On the 4th day, the CG and CaG presented a small amount
of birefringent collagen fibers, still slim and moderately
bright. In the IG the amount of fibers was lower when
compared to the control. In the CaIG the collagen fibers
showed aspect very similar to the control (Figure 3).
On the 7th day of repair, all groups showed similar aspects
in their birefringence, with exception of the IG, which
presented fewer collagen fibers with less brightness. On
the 14th and 21st days the conditions observed on the 7th day
of evolution remained the same, with the IG displaying less
birefringence than the other groups.
Quantitative Evaluation of Collagen Fiber
Birefringence
The relative means for each group after being submitted
to statistical analysis may be seen in graphs (Figure 3).
Evaluation of Linear Dicroism
On the 4th day of development none of the groups
presented linear dicroism, indicating that at this time, there
was still not a sufficient degree of macromolecular
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orientation to induce the phenomenon. When the 7th day of
development was analyzed, the CG, CaIG and CaG showed
evident dicroism.  By contrast, the IG did not show dicroism,
which only became evident for this group, on the 14th day of
development.
DISCUSSION
The deleterious effects of ionizing radiation on the tissue
repair process were evident when comparing the CG to the
IG 4, 6,12,14-16,19, 21, 23- 25, 28,32.
FIGURE 1- A- In the IG, on the 7th day, note that granulation tissue showed poor cellular organization; B- CaIG, on the 7th day,
functional capillaries were shown to be present in higher number and degree of differentiation and the granulation tissue
showed more development than the IG (HE, original magnification x250); C- CaIG, on the 4th day, showed great fibroglia
proliferation; D- IG, on the 4thday, showed almost total absence of fibroglia development (Mallory method, original magnification
x250)
A B
C D
FIGURE 2- Means and standard deviation of the fibroblasts
morphometry on the 4th and 7th   of tissue evolution. Letters
differ statistically between them, with significant p-value of
5%, by the Tukey test
FIGURE 3- Means   and   standard   deviation   of   the
birefringence   of   collagen   fibers (ìm2) on the 4th and 7th
day of tissue evolution. Letters differ statistically between
them, with significant p-value of 5%, by the Tukey test
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In the present study, the morphometry of fibroblasts
was analyzed on the 4th and 7th days and significant
differences were observed when comparing the IG to the
CG and CaIG. Evident modifications could be seen in the IG,
such as the diminished number of fibroblasts in the
granulation tissue. Thus, the effect of ionizing radiation on
damaging tissue repair could be related to the reduction in
the number of fibroblasts.
The deleterious effects of ionizing radiation on tissues
during healing have been extensively studied. Some authors
believe that the damage is related to both fibroblast
modifications and vessel complications15,16,25. Delay in
fibroblast growth has been reported 25. Functional
modification of fibroblasts could influence the production
of deficient collagen, which requires a longer maturation
time4,7,28,31. Other authors12,19 observed a reduction in the
amount of new vessel formation. It is believed that
fibroblasts play a fundamental role in the healing process,
because they are responsible for collagen producing protein
synthesis. It is accepted that a reduction in the number of
fibroblasts decreases collagen synthesis, delaying
macromolecular orientation and collagen fiber production,
thus retarding the tissue repair process.
Fibroglia is evident in granulation tissue with a high rate
of proliferation. In this study, the effect of radiation on
delaying this proliferation rate could be observed, when
comparing the CG and CaIG to the IG. The IG showed a
complete absence of fibroglia development, however the
group pre treated with carnosine and irradiated (CaIG)
presented a high rate of proliferation similar to CG. The
deleterious effect also modified the molecular orientation of
collagen, and through picrosirius staining and polarized light
microscopy, it could be shown that the IG showed a decrease
in birefringence for all evaluation periods, while CaIG
presented more organized and shiny collagen fibers, similar
to the control group.
Linear dicroism was analyzed and it could be concluded
that on the 7th day of IG development, there was no evidence
of tissue organization, while the other groups already
showed the presence of macromolecular orientation.
According to some authors14,29 the macromolecular
orientation of granulation tissue begins at approximately
the 7th day of the tissue repairing process; so, with exception
of the IG, all groups presented tissue organization similar to
that of the control repair tissue. Thus, a protection given by
this antioxidant substance may be advocated.
The action of carnosine in irradiated tissues is related to
its affinity for free radicals, mainly for hydroxyl, and its ability
to interact with the products of lipid peroxidation, preventing
cell membrane damage4,5,13. Carnosine acts as a great
hydroxyl radical scavenger, protecting biological structures
and playing an important role in the anti-oxidative
process1,27. The action of carnosine and b alanyl in wound
healing in rats treated with hydrocortisone was tested. The
exogenous carnosine is degraded through carnosine tissue
into histidine and b alanyl. The histidine plays a role in
histamine production through hydrocortisone, stimulating
the healing process and b alanyl promotes collagen
synthesis, accelerating the repair process20. As seen in this
study, the irradiation process prolongs the inflammatory
phase; considering that carnosine administration enables a
greater production of histamine, the chemistry mediator
responsible for the increase of vascular permeability, its
radio-protective effect could be related to the acceleration
of the inflammatory phase.
Carnosine promotes the stimulation of the repair process,
accelerating granulation tissue development10,11,18,30. In this
experimental study this was not observed. The CaG was
similar to the CG, probably because of the amount and period
of dose administration. Carnosine was administered twice
before the animals were submitted to irradiation and the
tissue repair process was already at the end of the
inflammatory phase and at the beginning of the proliferation
phase. It was observed that the daily administration of
carnosine accelerated the production of scar tissue10,20,30.
The CaIG presented similar aspects when compared to
the control, therefore, carnosine helped to inhibit the
deleterious effects of gamma radiation. No effect related to
acceleration of tissue repair process was observed, and in
comparison to the control, similar aspects were maintained.
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